The primary aim of present work is to evaluate the performance of tungsten carbide (uncoated), and HSS (high-speed steel) 
INTRODUCTION
The titanium alloy Ti-6Al-4V and aluminum alloy Al7075 used for a variety of applications in aerospace and chemical industries because of their properties such as high strength to weight ratio and excellent corrosion resistance [1] . In the present day scenario, the titanium alloys are extensively used in aerospace structure as they have the best combination of metallurgical and physical properties, in addition to its lightweight. However, due to the low thermal conductivity of titanium and its alloy, the temperature at the tool/workpiece interface increases, which results in poor machinability that can affect the tool life [2] . Nowadays, cutting processes play an enormous role in supporting the economies of developing countries. The process of drilling holes constituted one-third of machining work and applied as the finished operation in aerospace and automobile industries [3] . Ease of the application and economic aspects associated with drilling are the main reason behind the selection of drilling as part of machining methods for the manufacturing of various industrial products. Drilled holes come in different forms, in which through hole is drilled entirely throughout the workpiece as a blind hole is drilled only to a certain depth. The failure of a twist drill occurs by one of the two modes; fracture and excessive wear. Grzesik [4] presented a summarized picture of the fundamental causes, mechanisms, types and consequences of the different tool wear types in machining. Tool wear considered as a result of mechanical (thermo-dynamic wear, mostly abrasion) and chemical (thermo-chemical wear, diffusion) interactions between the tool and workpiece [5] . Most common wear mechanisms as part of machining presented in figure 1 .
In drilling heat generation, excessive vibrations, pressure, friction and stress distribution are the main contributors of drill wear. The drill wear classified into [6] : flank wear (VB), crater wear (KM), outer corner (w), margin wear (Mw). Besides with two types of chisel edge wear (CT and CM) as well as chipping at the cutting lips (PT and PM). Classifications of drill wear presented in figure 2 .
Drilling holes is an essential process in the structural frames of an aircraft and contribute to 30 to 60% of the total material removal operations [7] . Flank wear value is vigilantly monitored as one of the criteria to measure the performance of a drill. However, Kanai et al. [8] recommended that outer corner wear can serve as the primary criteria for to evaluate the tool performance of the comparative simplicity of measurement and the close association of this kind of wear and the drill bit tool life. Crater wear is too evidently visible on the rake face of the drill and can exist apparently in the region of the outer corners of the cutting edges [9] [10] . Harris et al. [11] considered the outer edge wear as their tool rejection criteria. Tetsutaro & Zhao [12] found that the tool rejected when the highest flank wear value is obtained, as 0.6 mm while drilling plain steel. Lin and Ting [13] dismissed the tool based on the tool rejection criteria when maximum flank wear land exceeded 0.8 mm, and surface roughness value exceeded 5.0 μm. Imran et al. [14] their study focuses on the surface integrity and wear mechanisms associated with mechanical micro-drilling of nickel-base superalloy (Inconel718) under dry and wet cutting conditions. Tarng et al. [15] demonstrated an in-process method for prediction of corner wear in drilling operations using a polynomial network. Thrust force and torque in drilling processes have interrelated with corner wear in this study. It reveals that the thrust force is better than the torque as the sensed signal parameter for the in-process prediction of corner wear. Under normal drilling conditions, [16] the letdown of the drill tool owing to breakage was witnessed with lesser size drills (diameter < 3 mm), whereas extreme wear was the first failure type with large size drills (diameter > 3 mm). When drilling compared with turning, and milling operations, the kinematic and dynamic structures were more or less similar, and the chip flow and the distribution of cutting temperatures were the same. In drilling, the chip formation occurs in a closed area, which is not visible and this is the major drawback associated with drilling. The unwanted vibrations created during machining results in lower workpiece surface quality, undesired sensitivity to the gauge integrity, early wear, breaking of cutting tools, damage to machine elements and high noise levels [17] . Studies have shown that the vibrations created during machining operations are of a complex structure. Vibration is an integral part of the manufacturing process and, also a crucial factor in high-speed machining for limiting the metal removal rates [18] . During machining, the formation of selfexcited vibration is defined as chatter and is the basis of the vibration phenomenon. Chatter recognized as one of the most common issues related to all types of manufacturing operations. Chatter has adverse effects on the cutting process, reduces the tool life, accelerates tool wear, forms a rough surface and can damage some machine parts [19] . The modeling and the monitoring of vibrations in machining processes gained attention among the researchers over the last 10-15 years.
Quintana and Ciurana [20] still consider chatter in machining has been an important topic in manufacturing research. Adverse effects of chatter stimulate interest in solving the problem along with the complexity of the chattering phenomenon gives challenges to researchers. Prediction of chatter occurrence is still the subject of much research, even though the regenerative effect, the primary cause of chatter, was identified and studied very early on [21] [22] . Ema and Marui [23] studied the chatter vibrations during the deep hole drilling operation. It found that chatter vibration tends to occur because of their low bending stiffness and viscous damping. Chatter vibration not only sources a decrease of tool life and machined hole accuracy but also averts quicker and more efficient drilling operations. Ema et al. [24] investigated the chatter vibration of long drills using various drill bits with different overhang lengths and special drill bits. The amplitude, frequency, initiation boundary and unstable range of chatter vibrations measured at various cutting parameters. The experimental results showed that the vibration is a regenerative chatter and its frequency is equal to the natural bending frequency of the drill when the drill point supported in a machined hole. Based on the experimental results, the stability of chatter vibration discussed. Mehrabadi et al. [25] presented the investigations on chatter vibration occurring in drills for deep hole machining. A finite element method is used to simulate the tool path at different spindle speeds. Moreover, chatter can occur in various metal removal including drilling [26] [27] [28] [29] [30] operations.
Fang Ning et al. [31] investigated the effects of built-up edge (BUE) on cutting vibrations at different cutting conditions in the turning of aluminum 2024-T351 alloy and observed that the vibration amplitude was affected by the cutting speed, the feed rate, and their interaction. According to their findings, there exist three distinct BUE regions, characterized by different patterns of cutting vibrations. Abuthakeer et al. [32] investigated the effects of spindle vibrations on surface roughness by using an artificial neural network (ANN) in the dry turning of Al6063 aluminum workpiece material. Rahim et al. [33] investigated the performance of uncoated carbide tools in the high-speed drilling of the Ti6Al4V alloy. Machining responses of the drilling process such as vibration, thrust force, chip formation, and torque examined at different test conditions. It apparently found that cutting speed and feed rate significantly influenced machining responses. Dornfeld et al. [34] investigated the effects of tool geometry and process parameters on drilling burr formation of Ti-6Al-4Vusing carbide drills with and without coolant, and high-speed cobalt drills without coolant. Performance evaluation of high-speed steel (HSS) tools presented under different test conditions. The main wear mechanisms critically analyzed with scanning electron microscope and also identified adhesion, and abrasive wear on flank face, besides, BUE at chisel and cutting edges [35] . Sakurai et al. [36] have investigated the tool life, burr shape, and chips formation under different cutting strategies in drilling using coated drills. Machinability study of Ti-6Al4V using short length drills of high-speed steel discussed.
Khanna et al. [37] present the use of Taguchi approach for better tool wear rate in the drilling of Al-7075. The optimal combination of drilling process parameters and their levels of tool wear obtained. Erkki Jantunen [38] presented the summary of the monitoring methods, signal analysis and diagnostic techniques for tool wear and failure monitoring in drilling by using indirect monitoring methods such as force, vibration and current measurements. Rehorn et al. [39] presented a detailed review of various sensors and signal analysis methods used for tool condition monitoring systems in industrial machining applications. Loparo and Ertunc [40] showed several innovative monitoring methods for on-line tool wear condition monitoring in drilling operations. Monitoring and measurement techniques using of force signals (thrust and torque) and power signals (spindle and servo) also discussed. Jemielniak et al. [41] presented the structure of tool condition monitoring (TCM) system for drilling operation consisting of cutting forces, vibration, acoustic emission signals. These process variables measured by appropriate sensors producing analog signals. Downey et al. [42] demonstrated the automatic data acquisition system by employing multiple sensors deployed on a CNC turning center in a real-time production environment. The combination of sensors and data acquisition is novel in that it brings together all the popular sensing techniques in the field of tool condition monitoring and tests the validity of these technologies in a live production environment.
Independent operator response on the recital of the operation concerning together product dimensional steadiness and machined surface integrity used for assessment of the attained data applicability for tool condition monitoring. Erturk et al. [43] proposed a computer vision-based approach to drilling tool condition monitoring. Experimental results show that the proposed method detects the condition of all tested tools successfully.
Moreover, tool condition monitoring is used in modern manufacturing environments to reduce machine tool downtime and facilitate optimum utilization of unsupervised machining centers. Tool condition monitoring is required mainly to detect tool wear and avoid tool breakage to protect the product as well as machinery. A machining process, in general, was accomplished through a series of multiple changes of process dynamics. The number ranges of the occurrences involved with the process of metal cutting; they are mostly damaging for the cutting tool condition and workpiece surface roughness. The uncontrolled machining operation creates chatter, vibrates the system, and disturbs the machining stability, which eventually affects the state of the cutting tool and product quality. Hence, drilling process requires a tool condition monitoring system that is capable of observing the performance of a cutting tool during machining and quantifies vibration levels, and the damages occurred to it due to responsible process mechanics [44] .
An efficient detecting technique required for evaluating the performance of drill bits based on the vibration signal analysis. For this purpose, several methods detecting the tool failure and monitoring the cutting force, vibration, acoustic emission (AE), Acousto optic emission (AOE) and current of tool machine have been investigated [45] . The important primary goal in the application of tool condition monitoring (TCM) is to find the possible correlation between tool flank wear and vibration displacement so as to identify the condition of the drill bit in the present study. As per the reason mentioned above, it necessary to measure vibration and determine displacement due to vibration to provide reliable data in understanding the performance of the drill bit based chatter phenomenon. An efficient detecting technique like this can prevent possible damage to the cutting tool, workpiece, and machine tool. Reports on the performance of HSS (high-speed steel) drill bit and carbide drill bit tools when drilling Ti-6Al-4V and Al7075 alloys and are still lacking. Present work is carried out with an objective to evaluate the performance of HSS (high-speed steel) and carbide twist drill bits at various cutting combinations. The effect of varying cutting speeds on tool wear, tool life and surface finish of the hole produced investigated.
EXPERIMENT DETAILS
The vibrations in turning, milling, and some researchers have examined drilling operations by using force sensors, microphones, and accelerometers. A Laser Doppler vibrometer (LDV) employed for acquiring vibration signal in real time.
These vibration causes high-frequency displacements in feed direction which leads to defects in the hole diameters, accelerates the wear, and decreases tool life. As per procedural steps are shown in figure  10 harmonics, or the tooth impact frequency and harmonics. In drilling, the frequency of the forced vibration equals the product of the tool/spindle rotational frequency and the number of teeth on the tool (or tooth passing frequency, ). It also called as the fundamental forcing frequency (FFF), and easily changed by adjusting the spindle rpm or some teeth on the tool. Tooth passing frequency of the drill bit computed by following relation [52] where l is the length of the drill bit. Tooth-passing frequency is a critical operational frequency and this defined as the inverse of the time between two subsequent toothpasses. For a multi-tooth cutter with z teeth and uniform angular spacing between the individual cutting inserts, the tooth passing frequency ) is defined as: * (2) In drilling, an amplitude of forced vibrations depends on the magnitude of the exciting force and on the dynamic stiffness of the machine tool, cutting tool, and the workpiece, which are often an order of an amount lower than the static values. Frequency response function (FRF) will exhibit compliance or flexibility of the part at every frequency. For a linear system the displacement of the part at each frequency can be determined from the FFF and FRF [53] :
Present work mainly focused on the transverse vibrations. It is due to the transverse vibrations produced during the drilling operation are the primary cause of the enlargement of the diameter of the hole produced beyond tolerance limit. It is important to note that a large part of the energy dissipation occurs at the tool holder-spindle interface. It is often convenient to characterize a linear system by its response to a specific sinusoidal input force given by . 4 Where F is the forcing amplitude is the time is the exciting frequency in rad/sec A modal Fourier transform analysis is performed using for the displacement . Where the forcing function is and ω is the Fourier transform of . The steady-state response of this system, which is present as long as the forcing function is active, is given by:
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, the frequency response function (FRF) of the system is the ratio of the complex amplitude of the displacement (which is a harmonic motion with frequency ω) to the magnitude For the forcing function.
The amplitude of vibration produced by a unit force at the frequency 'ω.' In the present work, both forces applied by the machine on the tool and resistive force applied by the workpiece during the drilling operation considered. When drill touches the workpiece and starts cutting the material to produce the hole, the upward resistive force acts on the drill because of the tensile stress of the workpiece material. When the material breaks during drilling the hole, its failure in the longitudinal direction considered as the compressive failure. The amplitude (Q) of the forced vibration computed with no damping condition using the formula given below [51] :
Where f= frequency of vibration, f= tooth passing frequency, A = amplitude of excitation, G -shear modulus, a -acceleration of drill and r -radius of the drill.
The maximum displacement amplitude will found at the 1st harmonic of the forcing frequency. Displacement amplitude maximum because the dynamic flexibility is near the resonant frequency. To characterize the ability to resist this kind of vibration, an index of machine tool dynamic stiffness (k) is used [53] : 8
VIBRATION SIGNAL PROCESSING USING FAST FOURIER TRANSFORM
The actual implantation of the real-time monitoring system typically starts with designing a proof-of-concept experiment. Acousto optic emission (AOE) based tool wear identification is primarily subject to the interpretation of the captured signals. However, the extraction of essential features useful for tool wears identification from the collected acousto optic emission signal. In this work, time-series analysis applied to the wave signals for detecting percent of the amplitude of displacement due to vibration during drilling. All the time domain signals in the present work are filtered using a 0-500Hz band pass filter, and signal processing involved signal blocks of 3200 data points collected over a sampling interval 500 milliseconds. In the present work, vibration raw signals are gathered using an LDV, and the vibration amplitude plotted against time domain. This form of representation is called waveform graph, and it showed in figure 6 which consists of time domain data while drilling holes at 5th, 10th, 15th and 20th.Wave graphs give the percentage of vibration amplitude only for a particular time domain data. Hence, it is tough or often impossible to quantify the vibration levels with the help of wave graph.
Moreover, direct time-series analysis is usually incapable of isolating defect-scattered information appropriately from noise in different frequency bands. Therefore, time domain signal must convert into converted to frequency domain as spectrum graphs by using a fast Fourier transform (FFT). Fast Fourier transform is utilized to determine the vibration parameter, i.e., displacement (microns) in the frequency domain for analysis of the vibration signal. Figure 7 gives the spectrum graph for the corresponding time domain based wave graph corresponding to drilled holes at 5th, 10th, 15thand 20th. The spectrum graph presented in figure 7 provides more information about machining process than the waveform graph. Figure 7 presents the response of dynamic signal in the frequency domain by applying 2D-FFT to direct time signal in time domain. The displacement plotted for the frequency. The detailed results and discussion presented in the next section. Throughout the present work, vibration parameter considered for the experimental analysis is displacement in microns. The peak amplitude varies from 5 µm to 150 µm depending on the severity of the chatter and cutting speed as shown in Table 1 .
Effects of process parameters on displacement
and tool wear A series of 10 mm diameter holes drilled on Ti-6Al-4V (349HV) and Al7075 (175HV) work pieces according to full factorial plan at the constant depth of cut as 8 mm. In each condition, 20 holes drilled, and readings gathered during 5th, 10th, 15thand 20th cut. The performance of high-speed steel and tungsten carbide drill bit is evaluated based on the amount of the displacement (Q) value and its correlation with tool wear (VB). The most important parameters affecting displacement parameter value are workpiece hardness (H), cutting speed (V c ), feed rate (f), and machining time (number of holes). The effect of drill length/tool overhang ignored by selecting a standard length drill bits based on the literature review as part the present paper. Results shown in figure 7 consists of the spectrograph, which only illustrates the variation in measured vibration parameter, i.e., displacement (Q) values on Y-axis and X-axis gives the frequency of vibration in Hz. As stated earlier, wave graphs in time domain data are intentionally eliminated from the vibration plots since it is hard to quantify the vibration levels with the help of wave graph. Each spectrum graph consists of the displacement values while drilling holes at 5th, 10th, 15th and 20th.
EXPERIMENTAL RESULTS AND DISCUSSION
Both wave graph and spectrum graph presented in this study give information while drilling 5th, 10th, 15thand 20thholes at a particular test combination as per the experiment plan. Displacement value varies depending on the workpiece hardness, drill length, cutting speed, feed rate, and the number of drilled holes. Displacement data measured at different levels of process parameters given in Table 5 . Table 5 . Tool life of drill bit at constant 8 mm depth of cut for Ti-6Al-4V as per FF
From the results presented in Table 5 , it is realized at various process parameters at all levels and in the FF design test setup, as the number of holes increased, the displacement parameter values also increased. In some cases, the last holes drilled by the drills that completed their tool life before reaching the 20th hole, i.e., flank wear(VB) values is found to be more 0.3mm. In the hole drilling operations at different levels of process parameters, the lowest displacement value is measured as 5.3 µm while drilling 5thhole with carbide drill bit in the Al7075 workpiece. This value is measured while drilling performed with cutting speed 19.6 m/min (625 rpm) and feed rate as 0.02 mm/rev. The highest displacement value 85.5 µm while drilling 20th hole with high-speed steel drill bit in the Ti-6Al-4V workpiece. This value found while drilling performed, with cutting speed 39.2 m/min (1250 rpm) and feed rate as 0.06 mm/rev. It understood from Table 5 that the selection of a lower cutting speed and higher feed rate would have been more appropriate.
Results in Table 5 , it indicates that the cutting speed contributed to 51% of the variation of drilling vibrations, followed by the feed rate, which results in 35.3% of the total variation.
The present study on the drilling of Ti-6Al-4V and Al7075 alloys using high-speed steel and tungsten carbide twist drills demonstrated an increase of displacement value at feed rate 0.02 mm/rev, 0.04 mm/rev and 0.06 mm/rev.
Main effects of process parameters on displacement amplitude and tool wear
Main effect graphics show the types of effects of dependent variables (output parameters) at different levels of independent variables (input parameters) [54] . In the drilling of Ti-6Al-4V and Al7075 specimens with high-speed steel and tungsten carbide twist drills having same lengths, the main effects of the process parameters on displacement amplitude (Q) shown in figure 8. Effect of workpiece hardness on the variation of displacement amplitude values, depending on the number of holes and hole depth, is given in figure 8 . The most important parameters affecting displacement amplitude were spindle rotational speed (N), feed rate (f), and workpiece hardness (H). There is no significant effect observed with drill length/tool overhang (L/d). A depth of cut is kept constant throughout the investigation due to this its effect is assumed to constant in all conditions. In the drilling of both of the work pieces, as the number of holes and hole depth increased, displacement amplitude values also increased. Cutting speed (V) is another important parameter on vibration which shortens tool life. The increasing tool wear at higher cutting speeds causes the cutting forces, chatter, and vibration to increase. Cutting tool lives are typically reduced by 50 to 80% at higher cutting speeds due to chatter vibrations [55] . While the displacement amplitude increased with the raising of the feed rate from 0.02 mm/rev to 0.06 mm/rev. It saw that in the drilling of Ti-6Al-4V, which possesses high hardness, higher displacement amplitude values obtained.
Displacement due to vibration -as a base for
drill bit performance evaluation In figure 9 , vibration parameter displacement values measured at the minimum cutting speed of 625rpm (19.6 m/min) for high-speed steel drill bit. At similar test conditions, the performance of carbide drill bit is also evaluated based on displacement value. At the low cutting speed, depending on the increase in the number of holes, a gradual increase occurred in the displacement amplitude values. This trend is similar in the case of both high-speed steel and carbide drill bits as well, and it is clearly evident in figure 9 . Vibration parameter displacement values measured at the maximum cutting speed 1250 rpm (39.2 m/min) for high-speed steel and carbide drill bits presented in figure 9 .
At high cutting speed, displacement value on highspeed steel drill bit increases more rapidly than with carbide drill bit in all test conditions presented in this section. It is due to high rigidity associated with carbide drill bit with high hardness as well. With highspeed steel drill bit, displacement parameter value increases approximately by 165% while drilling Ti6Al-4V and in the case of Al7075 alloys, an increase of 89% observed. In the event of carbide drill bit, displacement parameter value increases approximately 105% while drilling Ti-6Al-4V. table 5 , it found that the maximum displacement value measured as 85.5 µm and its corresponding flank wear (VB) value is 0.42 mm while drilling holes on the Ti-6Al-4V specimen with high-speed steel drill bit at maximum cutting speed is, i.e., 39.2 m/min. According to vibration severity standard ISO 10816, any value of displacement beyond 60µm is not advisable for further machining. As the displacement value crosses beyond 60µm, then the corresponding tool flank wear (VB) also found to be above 0.3mm. The excessive wear occurred in the cutting tool at high cutting speed, and the steady builtup edge (BUE) formation were the main reasons for the increase in the displacement value. In the machining of T-6Al-4V and Al7075 alloys, the cutting speed affects the formation of BUE in three different regions. In this case, highest displacement values are observed as 55 µm while drilling the 20th hole on the Ti-6Al-4V alloy with high-speed steel drill bit. The minimum amount of displacement is the as 25 µm while drilling the 20th hole on the Al7075 specimen with tungsten carbide drill bit. It is clear that when Ti6Al-4V (349 HV) workpiece drilled with high-speed steel drill bit produces higher displacement values obtained when compared with tungsten carbide drill bit. From the figure 9 , it found that the displacement parameter value increases as the as the number of holes increases. Orhan et al. [56] examined the changes in the vibration and the tool wear during the end milling operation. It observed that vibration amplitude is found to increase with the progression of tool wear and causes vibrations in the workpiece/cutting tool/machining center.
Effect of cutting speed on drill bit performance
Cutting speed (V c ) is another important parameter on vibration that shortens tool life. The increasing tool wear at higher cutting speeds causes the cutting forces, chatter, and vibration to increase [57] . Figure 10 gives the variation of flank wear value at various cutting speeds by using high-speed steel and carbide drill bits. The flank wear (VB) value of 0.3 mm considered as the criterion for judging the effective tool life of the cutting tool. The performance of cutting tool lives are typically shortened by 50% to 78% at higher cutting speeds due to [58] regenerative vibrations. Figure 10 gives the growing of flank wear (VB) values found at cutting speed combinations. At low cutting speed, i.e., 19.6 m/min both high-speed steel and carbide tools showed the optimum tool life irrespective of workpiece materials. When cutting speed is maintained at 24.9 m/min (795 rpm), high-speed steel drill bit loses its life after drilling 147 holes on Ti-6Al-4V specimen whereas high-speed steel drill bit can retain its shape even after drilling 215 holes on the Al7075 specimen. High-speed steel drill bit performance is reduced by 78% while drilling holes on Ti-6Al-4V alloy and 52% when drilling Al7075 alloy at highest cutting speed, i.e., 39.2 m/min. From the figure  10 , it observed that the flank wear values increases as the as the number of holes increases. It also found that displacement parameter value is growing with the progression of tool wear and causes vibrations in the drilling operation.
Effect of feed rate on drill tools life with displacement
Effect of feed rate on drill bit's tool life analyzed by varying the feed rate from 0.02 mm/rev, 0.04 m/min and 0.06 mm/rev. Effect of feed rate on drill bit life in all test condition presented in figure 11 . As the friction generated per unit time increases the tool wear, which in turn shortens the tool life. As the feed rate increased from 0.02 mm/rev to 0.06 mm/rev along with cutting speed, which reduces the effective life of the drill bit. The useful life of high-speed steel drill bit when drilling Ti-6Al-4V represented by 'yellow' color and while drilling Al7075 alloy is identified with 'green' color in figure 11 . In figure 11 , bars with 'red' color gives the carbide drill bit life while drilling titanium alloy, whereas 'cyan' Colored bars show the life of carbide drill bit while drilling Al7075 alloy. Effect of feed rate is found to be maximum on high-speed steel drill bit while drilling holes on the Ti-6Al-4V alloy. Tool life of the high-speed steel drill bit recorded as less than 1 min, i.e., 41 seconds at cutting speed 39.2 m/min and corresponding displacement value are 85.5µm that is highest in the experimentation. Carbide drill bit exhibits the maximum tool file while drilling holes in the Al7075 specimen at all feed rates. In the drilling of the Ti-6Al-4V alloy during the experiment, flank wear, chisel edge wear, outer corner wear, and BUE were observed in the case of a high-speed steel cutting tool is presented in figure 12(a) . Figure 12(b) gives the flank wear, chisel edge wear, outer corner wear, and BUE observed of carbide insert drill. The excessive wear occurred in the drill bit at higher cutting speeds, and the steady BUE [59] formation were the main reasons for the increase in the displacement value. In the machining, the cutting speed affects the formation of BUE in three different regions. The first region is the BUE initiation region, formed on the tool rake face at the low cutting speed of 19.6 m/min. In this region, due to chip fracture, cutting force oscillations, and significant variation of vibration amplitude in an irregular pattern occurs with increasing cutting speed. The steady BUE region occurred at the cutting speed of 24.9 m/min. In the steady BUE region, vibration amplitude steadily increases with increasing cutting speeds. In cutting tests, continuous chips with a tight chip curl observed. The unsteady BUE region occurs at the relatively high cutting speed of 39.2 m/min. Due to the increase in cutting speed, the chips flowing over the tool rake face periodically fracture the BUE, and thus, the process of BUE formation occasionally broken. The vibration amplitude keeps nearly constant with increasing cutting speeds. These observations were valid and applicable to for the wear mechanisms shown in figure 12(c) and figure 12(d) . Figure 12(c) gives the tool wear mechanisms while Al7075 is drilled with high-speed steel drill and figure 12(d) presents the tool wear mechanisms while drilled with carbide insert drill. In the drilling of the Al7075 workpiece, having a hardness of 179HV, flank wear was observed on the cutting edges of the drill ( figure 12c and figure 12d) . In the drilling of the Ti-6Al-4V workpiece, with a hardness of 379 HV, formations of BUE, flank wear, outer corner wear, and chisel edge wear types were observed ( figure 12a and figure 12b ). It found that vibration amplitude increased with the progression of tool wear [57] . It known that in cutting operations, BUE formation accelerates tool wear, spoils the finished surface of the workpiece, and causes vibrations in the drilling. The flank wear occurred on the cutting edge of the cutting tool and the lower rigidity due to the lower workpiece. Variation of displacement values on changes in feed rate presented in figure 13 . The reason for reaching the highest displacement value at feed rate 0.06 mm/rev and shorter tool life are due to an increase in the flank wear and outer corner wear of the cutting tool shown in figure 13 .
With the increase in the feed rate from 0.02 m/rev to 0.06 mm/rev, flank wear, outer corner wear, chisel edge wear, and BUE increased as well. However, the cutting tool life did not complete until the drilling of the 15th hole. 
Effects of machining time on drill bit
performance -Tool Life The most critical parameter in the present study can be affected by the machining time (number of holes drilled) with each drill bit. As per the results are shown in figure 14 for all the cutting conditions, as the number of holes drilled increased (machining time), displacement value increases consistently. The main reason is the increase in drill bit tool wear, and it is dependent on the number of holes drilled. The corresponding increase in chatter formation due to the degree of difficulty of the cutting operation.
Predictive equation and analysis of variance for displacement amplitude and tool flank wear
In the present work, vibration displacement (Disp) and tool wear (VB) selected as the response variables. Feed rate (f), spindle rotational speed(N), depth of cut (d) at different levels of workpiece hardness (H) are the machining parameters. The machinability performance of displacement amplitude (µm) and tool wear (mm) are obtained, to analyze the machining parameters with the help of [58] [59] response surface methodology (RSM). The relationship of preferred response and independent variables for input are represented in the appropriate form as follows. Feed rate, cutting speed, depth of cut, different hardness levels (independent variables) which vary during the experiments. For each factor, three stages are deliberately chosen and set during the experimentation according to the DOE. The response surface methodology (RSM) is also employed. BoxBehnken design is used to identify the cause and effect of the relationship between the control variables and the responses. Therefore, the degree of freedom model for displacement prediction in their investigation of the conformity between workpiece and cutting tool in the drilling process. The variation in displacement amplitude and corresponding tool wear with machining parameters (input parameters N, f, d, H) are being mathematically developed using the regression analysis method. Equations 5 (Disp) represents the displacement data whereas equations 6 represents (VB) the predicted tool flank wear data. Table 5 gives the experimental data results. To obtain scientific understandings of work materials and process variables effects on the tooling performance. An empirical relationship developed constructed on investigational data. The mathematical modeling did by polynomial equations that are very helpful in comparing the relationship between the process variables using Minitab software. In drilling, displacement (Disp) due to vibration expressed as a function of the process parameters and workpiece hardness as shown in equation 2.
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Where, Disp -machining response, f-response function and the drilling process variables such as N, f, d, H. In the analysis, a procedure for an approximation of response is derived using the built-in 2nd order polynomial regression as the quadratic model. The quadratic model for machining response as mentioned below. The second-order polynomial (regression) equation used to represent the response surface for displacement amplitude (Disp) is given by: (11) and for four factors, the selected polynomial can be expressed as:
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Where b1, b2, b3… b44 are regression coefficients [59] [60] , and b_0 is the average of the output responses. These coefficients depend on the respective linear, interaction, and squared terms of factors. The value of the coefficient was calculated using Minitab Software. The significance of each factor determined by 'p' values, which are presented in table 4 to table 7 . The values of p less than 0.05 indicate that the model terms are significant. In this case, X1, X2, X4, X12, X22 and X1, X2 are significant model terms and X3 has less influence on the displacement. The values greater than 0.10 indicate that the model terms are not significant [60] . The final empirical relationship is constructed using only these coefficients and developed the empirical relationship given below. 
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The final empirical relationship is constructed using coefficients by equation 2, and the developed final empirical relationship is presented as above (14) .
After obtaining the predicted values, these equations are used to correlate each other. The ANOVA tables for flank wear shown in the tables 6 and 7. Results in the tables clearly identify the significant factors that affect the tool wear in both experimental data and predicted data. These equations will give the expected values of displacement amplitude and flank wear for any combination of factor levels given that the levels are within the ranges stated in Table 1 . From the above equations, it concluded that equations are approximately similar (3&4) and (5&6) to each other. Displacement amplitude and tool wear influenced by the factors on the right-hand side in both the cases. The above mathematical model can be used to predict the values of the displacement, and flank wear of the factors studied.
For the estimation of the displacement, amplitude occurred in the drilling of Ti-6Al-4V and Al7075 specimens using twist drills, a second-order polynomial equation involving the main and interaction effects of the process parameters was developed by regression analysis. The predicted R 2 (98.6 %) value and the adjusted R 2 value (97.8 %) matched with the experimental results.
The adjusted R 2 determines the amount of deviation about the mean which is described by the model. The predicted R 2 value and the adjusted R 2 value were found to be in good agreement. Normal probability plots given in figure 15 and 16 .
From these figures, it seems that points are placed on a straight line or distributed close to a straight line; therefore, it concluded that the data exhibit a normal distribution. The reason that not all the data were in a straight line attributed to the significant number of tests in this study. It thought that during the experimental study, the uncontrollable factors increased the residuals. 
CONCLUSIONS
In the present study, effects of workpiece hardness, cutting speed, the number of holes drilled, and feed rate on the displacement amplitude in the drilling holes on Ti-6Al-4V and Al7075 alloys using highspeed steel and tungsten carbide twist drills at different test conditions investigated. The experimental results show that the progress of tool wear monitored by using the vibration parameter determined by the analysis of vibration signals. Predictive equation models have developed, and analysis of variance presented for displacement amplitude and tool flank wear. Based on this, the status of the tool predicted. The dominant failure modes for both high-speed steel and tungsten carbide tools while drilling Ti-6Al4V are non -uniform flank wear, chipping and catastrophic failure. Whereas while drilling of Al7075 both high-speed steel and carbide drill showed the consistent wear at all test conditions. Highest tool life was obtained with carbide drill when drilling at cutting speed of 39.4 m/min. The performance of carbide drill is superior to high-speed steel drill at all cutting speeds both regarding tool life and displacement due to vibration when drilling both Ti-6Al4V and Al7075. With an increase of feed rate from 0.02 to 0.06 mm/rev, an increase in the displacement amplitude recorded. As the number of holes rises, displacement value also increases. Flank wear and BUE observed on the worn drills. It concluded that drill wear increased the displacement amplitude values. The vibration signals are measured which indirectly track tool wear. These signals are affected by the cutting conditions, workpiece material, and type of tool. For example, increasing the feed rate during the drilling process leads to a proportional rise in the measured signals. This situation could be confused with increased displacement due to tool wear in the system. Finally, the methods proposed in this paper can also be used for performance evaluation of drill tools effectively by monitoring vibration induced drilling.
